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[57] ABSTRACT 

A modem which is to be included in a badge or mobile 
station, in a system for the exchange of data by micro- 
waves with a fhcd station or beacon. The modem has at 
least one transistor that works as a detector in reception 
or as an amplifier for the transmission of a reflection 
signal, accoriding to gate bias voltages (Vf jq, V^i) that 
are applied to it, and drain currents (I^f) that result 
therefrom. The transmission-reception switching is 
done by transistors that switch over loads, and hence 
currents, on an amplifier transistor, with amplitude or 
phase modulation. Such a modem may find particular 
application in short-distance telecommunication sys- 
tems. 

6 Claims, 3 Drawing Sheets 
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it, loads it with the information on which it has been 
MODEM FOR TELECOMMUNICATION SYSTEM interrogated, and re-transmits a signal compiising, as 
Wrm A REFLECTION AMPUFIER FUNCTION . the case may be, either losses or gain. 

The electrical circuits used to perform the micro* 
BACKGROUND OF THE INVENTION 5 wave function (modem) of the badge may be of differ- 

1, Field of the Invention . ^W^- 

The present invention relates to a system of transmis- The active circuits comprise the specific feature of 

sion by modulation^emodulation of a microwave, for giving power at the microwave frequencies of the car- 

two-way communication between a fixed station, caUed . ncr (of the order of 1 to 100 GHz). They therefore have 

a beacon or reader, and a mobile station, called a badge gain at these frequencies, and use a biased transistor, 

or responder. More precisely, the invention relates to These circuits are generally used during the rctransmis- 

the active circuits of the modem (mcxJulator-diemodula- sion of a signal from the badge towards the reader, 

tor) of the portable badge. In order to be capable of The semi-active circuits give no power at the micro- 

transihitting, or more precisely, in order to be capable wave frequencies of the carrier, for which they have no 

of responding to an interrogation sent by the fixed sta- gain, but nevertheless have gain at the demodulation 

tion, the badge has a circuit in which there is at least one frequencies of the order of 40 kHz to 1 MHz or several 

reflection amplifier. Depending on the biases applied, MHz, but not in the GHz range. These circuits are 

the active element, namely a field-effect transistor, be- valuable for increasing the detection sensitivity of the 

haves either as a detector for reception or as a reflection badge. 

amplifier for transmission. ^ There also exist passive circuits, using diodes, 

This type of data exchange can be applied to' the switches etc . . . which have no gain, whether at the 

control of moving bodies, for example in the identified- microwave frequencies of the carrier (> 1 GHz) or at 

tion of wagons on a. railroad, automobiles at a toll-gate the demodulation frequencies (< I GHz). These circuits 

or pedestrians at the entrance to a building. The mobile have low sensitivity for controlling the information 

station or badge takes the form of a chip card, and it has 23 processing circuit 4, at least in the case of a portable 

to be extremely economical in energy for it is supplied badge, since there is a problem of energy provided by 

by small cells known as "buttons". the small "button" cells; these csircuits therefore per- 

2. Description of the Prior Art form less well in detection. 

The general diagram of a system for the exchange of ]t has been stated that the badge has only low energy 

data by microwave electromagnetic radiation, accord- 30 gQurcw and that it is necessary to achieve economy by 

ing to the prior art, is fairly simple and FIG. 1 which limited consumption. This is why the most promising 

represents it enables its elements and the abbreviations approach for communication in the badge-to-beacon 

used to be specified. direction consists in modulating the echo of a monoto- 

A mobile station or badge 1 includes a microwave ^^yg carrier wave transmitted by the beacon. It is the 

pan 3, an information processing part 4 and a supply 5. 35 y^^^on that gives all the energy of the microwave 

The exchanges between these two parts relate to the ^^^^ ^^ic badge has to give only low energy, lim- 

opeiBtion of modulation/demodulation and to the trans- jj^j changes in the state of its circuits which 

mission/reception commands. ^jj^ antenna to be matched or not matched in 

The fixed station or beacon 2 mcludes a microwave impedance to the frequency of the carrier (between 1 

source, a microwave imrt 6. an mfonnation processing 40 ,q ^y^. j„ ^^^^^ ^^^^^ y^^^ modulates the 

part 7 and a computer « which enables the management ^^^^ ^ack to the beacon, or reader, 
of all the radioelectncal exchanges earned out with the 

badges, by means of an antenna 9 for each badge and an SUMMARY OF THE INVENTION 

'^^r «»<=^^,^con or reader. invention comprises modifying the standard cir- 

The followmg values will be used: 45 ^ comprising at least one active element 

-d ^distance between the ant^nas 9^^ 10, ^^^^ ^ microwave transistor, so that the transistor 

- G, =gain of the antenna 10 of the reader 2 ^ ^ ^ detector for a first state of biases (it is there- 

- G* =gam of the antoma 9 of the badge 1 ^ ^ ^ demodulates the signals trans- 

- Vn =power transmitted at the antemia of the reader 2 ^^^^ ^ ^ ^^^^^^^ 

-P,.=power receiv<^bythe anten^ 50 pURer for a second sute of biases (it is therefore in an 

. =powcr transmitted a^the antemia of the badge 1 ^ 

" ^^J^'^^? l^^^^^y °^ n the monotonous%cho\ransmitted by the beacon). 

The modulations used m these systems are ftenerally *"wu*w*ivvwMv/«a ww«w . 
of the OOK (onK>fr keying) type to amplitude modula „ Depending on the y^y ui which the nncrowave re- 

tion or of the PSK (pKlTkcying? type in phase « S?f ^^^f ^.CSlSTr^SK^; 
modulation or of the FSK (frequency shift keying) type 

in frequency modulation. frequency modulation (PSK). 

The working of the modem differs according to ^ A microwave rcflectton ainphfier is an amplifier than 

whether the bcicon interrogates the badge or whether ^ a n^ative resistance obt^ned by plaang a feedback 

the badge responds to the beacon. 60 }<»P ^ mpm and the output of the transistor: 

In the mode in which the badge 1 b interrogated by " ^ff°V'p^'^f ?»" " 'rfl«t>o». » sector ratio 

the reader 2, the reader 2 generates (P//) a modulated modnlns | r j > I, i-e. 
microwave signal. The badge receives this signal (Ptr) 

and demodulates it: this is a step that enables the activa- ft> ^ , 
tion of the badge that has been in the vigil state. 63 

In the mode in which the badge 1 is responding to the 

reader 2, the reader generates a non-modulated micro- More specifically, the invention relates to a modem 

wave signal. The badge receives this signal, modulates for a microwave badge, in a system of data exchange by 
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electromagnetic waves between, fiistly, the antenna of a microwave transmitted by the beacon in using an active 

fixed station called a beacon, which transmits a pure or passive circuit, according to the prior art 

carrier wave in a so-called transooission phase, and a By contrast, in the modulation function, i.e. in the 

modulated carrier wave in a 80<alled reception phase activated state, when the modem 3 modulates the echo 

and, secondly, the antenna of at least ont mobile station S that it sends back to the beacon, the microwave reflec- 

called a badge, comprising at least the modem and an cioo amplifier introduced by the invention comes into 

information processing circttit, wherein the modem action in several ways depending on whether the modu- 

compriaes at least one active circuit which is a reflection lation to be obtained is an amplitude, phase or frequency 

amplifier based on a fidd-efTcct transistor with gate- modulation, but in every case the modem behaves as an 

source feedback, the antenna matching gate impedance 10 active circuit 

of which is matched in the reception phase (demodula- Iq amplitude modulation (OOK), there are two logic 

tion) and mismatched in the transmission phase (modu- gutes that shall be called the **low sute** and the "high 

lation). sUte", these terms being simpler than 'Tirst logic state" 

BRIEF DESCRIFTION OF THE DRAWINGS . . ""^^^^ ^Z^? 'J^Sf^^' convention 

does not restnct the scope of the mventson. 

Tlie invention shall be understood more clearly from in the low sute, the reflection amplifier does not 

the. following more detailed description of iu general ^xmc into action, the antenna 9 is matched in impedance 

organization and of a number of ejomplary applica- r no power is reflected by the antenna. The vector 

tions, based on the appended figures, of which: ^atio is: 

FIG. 1 shows a general simplified diagram of the 20 

exchange of data by microwave links. This figure^ ex- ^ 

plained in the introduction relating to the prior art. |r| * 0 
remains valid for the invention; 

FIG. 2 shows a curve I^=f(V^) of the transistor . ^. ... - ^ ^^n^^^ ^^^uti^^ 4«*/. 

used in the badge according to the Invention; 25 ^ sUte, the reflecaon asnp^tfier comes mto 

^ •ilotrir.ai HS»„r™ «f ti»* •ctiom tbc antcmia 9 connected to a reflection amplifier 

•Jlf L rS^^ ^ has gain reflecU a power greater than the power 

"1 GT^o'w^a tgTrrim embodiment of a r^^«^: 1^' >L^,^^^ J" » 

Ti?f ^w^aX^ of an embodiment of a ^^^''^^VZ^^ 

modem with ampUtude modulation by the gate volugc ^\ ^"^^^ """^ the amphfier. 

.^•*.«r^;«» ^ e> o niakes it possible to have two phase sutes with a power 

TlS!"l l^'^t^^ of an embodiment of a -fleeted by the antenna that is greater tlum the re- 
modem with phase modulation according to the inven- 35 P<»^^^ ^f^^ f'f t f | > 1. A first logic 

state, which IS a low state for example, corresponds to a 

?hase angle ^i=0 and the phase of the vector ratio is 
V2<)>| (2 because there is a to-and-fro echo). A sec- 
The system of data exchange by microwaves com- sute which is a high stotc for example, corrc 

prises at least one fixed station and a large number of 40 »Ponds to a phwe angle *2 wd the phase of the 
mobile stations: in order to simplify the explanations ^^f^^f "^'^ » ^ I =f ^2- . , ^ . . 
and the figures, only one mobile station or badge will be I" frequency modulation, the reflccUon amplifier is 
considered and, in this mobile station or badge, only the connected for the two logic states, each of A«e 

modem 3 which is the object of the invention wUI be two sUtes correspondmg to a hnear vanation of the 
represented. The information processing circuits 4, 45 pl>«*« , , . , . 

which combine a microprocessor, a logic circuit and a flO. 3 shows a simplified block diagram of the 
linear circuit lie outside the field of the invention. mod«n of a badge accordmg to the mvention. This 

The modem has diflcrcnt states depending on the is a very general one, and shall be cxplamed m 

way in which its active components, i.e. at least the « the foHowmg figures; 

microwave Uansistor and the transistors that switch 50 "Hie modem 3 of a microwave badge has at least one 
over the bias voltoges on the source, gate and drain of field-effect transistor 11. capable of working in a range 
the microwave transistor, are biased. of 1 to 100 GHz. lu gate is connected to the antenna 9 

FIG. 2 shows, as a reminder, a curve known per se of through an impedance matching network 12, which can 
a drain current I^ as a function of the gate bias voltage take different forms as shaU be seen in the detailed ex- 
Vp for a field-effect transistor. When the voluge Vp is 55 Maples. It is biased through a filter by a biasing voltage 
at V|jo. i.e. at midpoint of the characteristic curves of Vp applied to an input 11. 

the transistor, the current hu is equal to a few (2-10) The drain is loaded by a load 16 and is biased through 
microamperes, and the transistor works as a detector. a filter by a bias voluge V^:, appUed to a load resistor. 
When the gate bias Vp is at Vpjo, less negative, the The demodulated output IS of the modem is taken at 
transistor works as an amplifier, with a drain current of 60 the drain of this transistor 11. 

some milliamperes. However, the impedance of the In reception, the source impedance is taken into ac- 
antenna 9 of the badge should be greater than the input count but plays no role. Biased at V^o. close to ite 
impedance ofthe transistor in terms ofabsolute value. If pinch-off voltage, it consumes power at a very low. 
not, at Vf»i. the tr ansistor wouldjwaarkas.a nj McilUtor. level (some microamperes), and this is the almost per- 
In tfnrdagoaulafion function, Le.Hn the stale of vigil, 65 manent sute of the badge. This is a circuit that is active 
when the modem 3 of the badge receives an interroga- in detection, and the sensitivity that can be obtained is 
tion from the beacon 2, the microwave transistor is of the order of 60 mV for an incident power of -30 
biased at V^q: the badge demodulates the modulated dBm to 10 GHz. 
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In transmission, the transistor is biased at Vg^i and When the modem is activated by the beacon, the T/R 

consumes a few mflliamperes. For it br n rfiflrntinn input is at + V and the transistor 11 is biased at V^i and 

mmplifig^. it is I^P^*M^c>rY fp p|flrr n frcdbflck loon be- V^^. The resistor 19 (500 k) "short-circuited" by the 

fuw^ thp mjii^\ nnrLthiuwtpitJiOh^vteanMgtogr^ resistor 26 (1 k) causcs the feedback circuit 17 to come 

gqigilsJLiicgative-resistanceJor a field-efTect transis- 5 into action and will cause the transistor 11 to behave 

tor, this feedback loop may be an impedance 17 between like an amplifier, on condition that it is supplied. There 

the source and the ground. This impedance does not are two possibilities, depending on the bias of the modu- 

come into action in reception or, more precisely, the lation signal: 

compuution of the gate impedance 12 takes account of • if MOD=: +V, the transistor 27 short-circuits the 
the source impedance 17, but it comes into action at 1^ resistor 23, the drain of the transistor 11 is at + V and 

transmission, to convert the demodulator transistor 11 it behaves in reflection amplifier mode: |r| >1. 

into a reflection amplifier with negative resistance,— .^^ - if MODs= —V, the transistor 11 is no longer supplied 

This genera] scheme is shown in detail in^flgu ^4,j ) at its drain, the biases and Wds fall to about zero 

and 6 which are drawings of monolithic-^itSgrated and the transistor 11 behaves like an attenuator: 

circuits all having common elements. A badge modem I =0. Modulation has thus been done by the drain 

has at least one field-effect transistor 11 with its differ- voltage, but the transistor 11 has three states: detec- 

ent circuits. tor, amplifier and attenuator. 

On the gate, there is an impedance-matching circuit FIG. 5 shows an active modem with amplitude mod- 

12 formed by a microstrip line 43 for matching the ulation by the gate voltage of the transistor 11. 

antenna 9 to tht integrated circuit, an inductor 13 and a By comparison with FIG. 4, it is seen that the switch- 

grotmded resistor 14. ing transistors 27 and 28 and their associated resistors 

On the drain, there is a load 16 constituted by an are mounted in the same way, except that the transmis- 

inductor 21, a drain resistor 24, a load resistor 23, with sion/reception input T/R controls both switching tran- 

a resistance of the order of 100 kfl, and a microwave . sistors 27 and 28 simultaneously. One consequence 

frequencies decoupling capacitor 22. thereof is that only one limiting resistor 32 is sufficient 

On the source, there is a feedback circuit 17 formed for the two transistors, 

by a resistor 33, an inductor 34 and a capacitor 35: this By contrast, the modulation input MOD is trans- 

drcuit 17 is decoupled from the ground by a microwave fened to the gate of the transistor 11. The modulation 

frequencies decoupling capacitor 25 and a demodula- signal MOD, through the attenuator 36 4-37 and the 

tion frequencies decoupling capacitor 20. The resistor diode 38, is applied to the gate resistor 14. 

19, which has a resistance of the order of 500 kO, consti- In the vigil state, the working of the modem is exactly 

tutes a gate-source self-biasing circuit. the same as in the previous case. When it is activated by 

The modem is supplied between two voltages -f V the beacon, the badge sends out a positive signal T/R. 

and -V (different fi-om the ground) and its dcmodu- 35 which turns on the two switching transistors 27 and 28. 

lated output DEM is taken beneath the load resistor 23 The modulation is obtained thus: 

of the drain, and is decoupled by a capacitor. - if MOD = + V, the diode 38 turns this positive signal 

The components of the gate impedance matching off, and the transistor 11 is biased at V^i and VdsO- it 

circuit 12 constitute a compromise between the differ- behaves like a feedback amplifier and |r| > 1. 

ent values that they should have in the three states of 40 - if MOD = -V, the diode 38 is on and causes the bias 

the transistor 11, and they take account of the feedback voltage to fall to Vg, to Vg^. The tran«stor 11 is 

circuit 17 of the source. biased in detector mode, it has no gain, |r| =0, and 

FIG. 4 gives the example of an active modem with its input impedance is matched, 

amplitude modulation by the drain voltage of the tran- The advantage of this circuit is that the transistor has 

sistor 11. 45 only two states with respect to the matching of the 

In addition to the circuits that have just been de- antenna: the detector state or the amplifier state, 

scribed, which are common to the three FIGS. 4, 5 and The two above examples show circuits designed for 

6, it has: the amplitude modulation or OOK. FIG. 6 shows a 

- a transistor 27, controlled by the modulation signal circuit designed for the phase modulation, in transmis- 

MOD, coming from the information processing cir- 50 sion. 

cuit, through a load resistor 23 of the transistor 11. If By comparison with FIG. 5, it is seen that the right- 
there is no modulation signal, the resistor 31 places hand part of the figure, namely the source and drain 
the gate of the transistor 27 at —V and turns it off; circuits of the transistor 11, is unchanged, and that the 
• a transistor 28 controlled by the transmission/recep- two switching transistors 27 and 28 are controlled by 
tion signal T/R through a current limiting resistor 30. S5 the same T/R transmission/reception input. 
When the transistor 28 is on, it places a resistor 26 with The input circuit, between the antenna 9 and the gate 
resistance of low value (about 1 kO) in parallel with the of the transistor 11, has the same components as those of 
self-biasing resistor 19 which has a value of about 500 FIG. 4: a microstrip line 43 for impedance matching 
kA. If there is no transoiission/reception signal T/R, with the integrated circuit, an antenna matching induc- 
the resistor 32 places the gate of the transistor 28 at —V 60 tor 13 and a gate resistor 14. However, between the two 
and turns it off. impedance matching elements 13 and 43, there is inter- 
The modem works in the following way. posed a phase-shifter cell 39, by modifying the length of 
In the vigil state, the modulation input MOD and the line through a switching operation. A third switch- 
transmission/reception input T/R are at —V or under ing transistor 40 is connected by its drain and source to 
high impedance, and the transbtor 11 is biased at Vfio 65 the elements 13 and 43: if the transistor is on. it is equiv- 
and Vdiso. The transistor works as a detector, ready to alent to a short-circuit, and to a first length of the line of 
demodulate a modulated microwave transmitted by the the gate of the transistor 11. If the transistor 40 is off, the 
beacon 2. phase-shifter cell constituted by the two inductors 41 
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and 42 and the capacitor 44 modifies the line length of 
the gate of the transistor 11. 

The RC network formed by the resistor 45 and ca- 
pacitor 46, connected to the gate of the third switching 
transistor 40, form part of the phase-shiAer cell 39. The 
modulation signals MOD sent out by the information 
processing circuit 4 are applied between the resistor 45 
and the capacitor 46. 

Just as for the fint and second switching transistors 
77 and 23, the gate of the third switching transistor 40 is 
connected by a resistor 47 to the —V supply: if no signal 
is applied to the gate, the tnnatstor 40 is automatically 
off. 

The modem of FIG. 6 works as follows. 

In the vigil sUte, the inputs MOD and T/R are at - V 
or under high impedance» and the three switching tran- 
sistors 27» 28 and 40 are off. The transistor 11» biased at 
Vgioond is in detector mode: it is ready to demod- 
ulate a modulated microwave sent by the beacon 2. 

When the model is activated by the beacon, the input 20 
T/R is at + V: the transistors Tf and 28, which are on, 
switch over the resistors 23 and 19, and the transistor 
11, biased at Vgsi and works as an amplifier. How- 
ever, depending on whether the input MOD is at V or 
-V, the transistor 40 is on (+V) or off (—V) and 25 
changes the line length of the gate of the amplifier tran- 
sistor 11. One of the two line lengths corresponds to a 
fu^t phase state of the antenna 9, and the other length 
conesponds to a second phase state of the antenna, with 
reflection of the incident energy ?bi by the reflection 
amplifier, by phase noodulation. 

The three configurations of applications that have 
been shown correspond to integrated circuit embodi- 
ments. It is clear to those skilled in the art, without 
going beyond the field of the invention, that these con- 33 
figurations can be achieved in hybrid circuit form. In 
this case, it is advantageous to replace the impedances 
capable of being integrated by impedances in the form 
of microstrip lines. 

What is claimed is: 40 

1. A modem for use in a system of data exchange by 
electromagnetic waves between a first antenna of a first 
fixed station, which transmits a pure carrier wave in a 
transmission phase and a modulated carrier wave in a 
. reception phase, and a second antenna of at least one 43 
mobile sutioa, the modem being located in the at least 
one mobile station and comprising: 

at least one active circuit comprising: 

a field-effect transistor; 

a high impedance load connected to a drain of the SO 
fidd effect transbtor and that can be switched over ' 
to a low impedance load by a first switching tran- 
sistor; 

a aelf-biasing circuit at a high impedance connected 
to a source of the field effect transistor, and that 55 
can be switched over to a low impedance by a 
second switching transistor; and 

a negative voltage source coimected to gates of the 
first and second switching transistors; 

an information processing circuit further connected 60 
to the gates of the first and second switching tran- 
sistors and to a gate of the field effect transistor, for 



8 



outputting information signals on the gates of the 
field effect transistor and the first and second 
switching transistors. 

2. The modem according to claim 1, wherein the 
modem operates as a detector to demodulate the modu- 
lated carrier wave transmitted by the fixed station when 
there are no said information signals output from the 
information processing circuit on the gates of the first 
and second switching transistors. 

3. The modem according to claim 1* wherein the 
modem operates as a reflectioD amplifier by amplitude 
modulation to reflect signals transmitted by the fixed 
station when the infonnation processing circuit outputs, 
a modulation information signal on the gate of the field 
effect transistor and a transmiission-reception informa- 
tion signal on the gates of the first and second switching 
transistors. 

4. The modem according to claim 1, fiuther compris- 
ing a phase-shifter connected to the gate of the field 
effect transistor, and which is operated to be switched 
over by means of a third switching transistor having a 
gate connected to the negative voltage source. 

5. The modem according to claim 4, wherein the 
modem operates as a refiection amplifier and in phase 
modulation, when the information processing circuit 
ou^uts a transmission-reception information signal on 
the gates of the first and second switching transistors, 
and a modulation information signal on the gate of the 

^ third switching transistor. 

6. A modem for use in a system of data exchange by 
electromagnetic waves t^etween a first antenna of a first 
fixed station, which transmiu a pure carrier wave in a 
transmission phase and a modulated carrier wave in a 
reception phase, and a second antenna of at least one 
mobile station, the modem being located in the at least 
one mobile station and comprising: 

at least one active circuit comprising: 
a field-effect transistor; 

a high impedance load connected to a drain of the 
field effect transistor and that can be switched 
over to a low impediance load by » first switching 
transistor; 

a self-biasing circuit at a high impedance connected 
to a source of the field effect transistor, and that 
can be switched over to a low impedance by a 
second switching transistor; and 
a negative voltage source connected to gates of the 
first and second switching transistors; 
an information processing circuit further connected 
to the gates of the first and second switching tran- 
sistors for outputting information signals on the 
gates of the first and second switching transistors, 
wherein the modem operates as a reflection ampli- 
fier by amplitude modulation to reflect signals 
transmitted by the fixed station when the informa- 
tion processing circuit outputs a modulation infor« 
mation signal on the gate of the first switching 
transistor and a transmission-reception information 
signal on the gate of the second switching transis- 
tor. 
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